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Teaching module for experimental practice on “screening of
amylase-producing bacteria, optimization of fermentation conditions,
bacterial identification, and strain improvement”

DAIYi-lun HE Wei YUAN Sheng” LIU Zhong-Hua JIA Yong ZHANG Shi-Zhu
(College of Life Science, Nanjing Normal University, Nanjing, Jiangsu 210023, China)

Abstract: The implementation of the experimental research module into microbiology experiment teaching
improves undergraduate students’ motivation and engagement with inquiry-based learning. In this
experimental research module “screening of amylase producing bacteria, optimization of fermentation
conditions, bacterial identification, and strain improvement”, students will focus on studies of
amylase-producing bacteria, and will be assigned with 5 experimental units that include preparation of
culture medium, collection of soil samples and isolation of amylase-producing bacteria, optimization of
fermentation conditions of the isolated amylase-producing bacterium, morphologic and molecular
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identification of bacterial strain, and strain improvement through ultraviolet mutagenesis. This experimental
research module will guide students to experience an entire inquiry-based learning process by consistently
planning and conducting research projects, through which students will learn and eventually master
fundamental microbial experimental skills. This module is student-centered, implemented with “fixed plus
mobile” mode, to ensure its integrity and consistency. To improve students’ scientific literacy and basic
microbiological techniques, the examination is composed of two parts: scientific paper writing and onsite
skills test. Overall, this experimental research module inspires students’ enthusiasm and motivation in
learning microbiology; meanwhile it improves the teaching quality of microbiology curriculums.

Keywords: Modular teaching, Microbiological Experiment, Amylase-producing bacterium, Bacterial
identification, Strain improvement
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Table 1 The contents, key knowledge and microbial techniques of the modular experiment course

Experimental units Research tasks Main microbial techniques

Experiment 1  Preparation and sterilization of
culture media

Experiment 2  Isolation and screening of
amylase-producing bacteria

Experiment 3 The effects of cultural conditions and
medium compositions on cell growth and amylase
activity of amylase-producing bacteria
16S rRNA PCR

Experiment 4 Identification and taxonomic BLASTn
classification of amylase-producing bacteria

Experiment 5 Strain improvement of amylase-
producing bacteria through ultraviolet mutagenesis

PCR 16S rRNA
DNA BLASTn
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Experiment 1 Preparation and sterilization of culture media

— pH 4.0 B
—] pH 7.0 |
Carbon — Glucose | _
Liquid media source Carboxymethyl
cellulose
Preparation of Nitrogen —  Sodium nitrate |
culture media L [—— Trea 3

Solidmedia | | Starch agar medium

Agar slant |

| Experiment 2 Isolation and screening of the amylase-producing bacteria |

Collection of soil

I —] Agar plate preparation |« — — — — — — — — )
BAPICS Adding Lugol’s iodine solution and observing
Soil oxtraction Plate streaking and color-changing circles
il sl incubating for 1 d
suspension Plate spreading (two Numbering 10 strains and Measure and
l gradients) and inoculating them to new agar calculating
| Gradient dilution | incubationg for 1 d plates and incubating for 1 d the H/C value
T T T T T T T T T T T T T —] Storing plates at 4 °C |
| Experiment 3 The effects of cultural conditions and medium compositions on cell growth and
| amylase activity of amylase-producing bacteria
Measure of OD,
| Selection of the Inoculation into the l 0
~ strain with ,| liquid culture media :
maximum H/C d prepared in Cailesiton of N Measure
value experiment 1 SHESUIEL by amylase activity
centrifugation

Analysis of the effects of cultural conditions and the medium
compositions on cell growth and amylase activity

| Experiment 4 Identification and taxonomic classification of amylase-producing bacteria |

Thq aboye Streaking plates Gram staining and observing using a
~ strain with | di gbp i microscope equipped with oil immersion _
maximum & fomrc; 42}111ng lens Taxonomic
H/C value Amplification of DNA sequencing classification
Inoculation on agar plates 165 rRNA gene | (I AN
| incubation for 1 d and storage at 4 °C e S Sl v
|
| | Experiment 5 Strain improvement of amylase-producing bacteria through ultraviolet mutagenesis
I Stored baciertam > Liquid submerged | __| Collection of cell | Agar plate preparation
> culture for 8-10 h pellets by E—
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H/C value Experimental plates plates
for ultraviolet
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Analysis of the effects of ultraviolet mutagenesis on amylase activity |
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Figure 1 The studying process of the module “the screening of amylase-producing bacteria, optimization of fermentation
conditions, bacterial identification and strain improvement”

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



980 WAl Microbiol. China 2017, Vol.44, No.4

(D 30 min
(13 + "
16S rRNA
pH 40 7.0 3 EE
ODso
pH
(13 2" 50% (1)
(2)
2 FENANLE
PCR
DNA marker
3)
2
PCR (13 b2
3
1d
1d 50%

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



113 iR 981

R2 KRERHFLH

Table 2 The teaching arrangement of experimental modules

Experimental units Tuesday Wednesday Thursday

Experiment 1 Preparation and pH
sterilization of culture media

Experiment 2  Isolation and
screening of amylase-producing
bacteria

H/C 1d 4°C
ODsoo

Experiment 3  The effects of 0.5 mL

cultural conditions and medium 30 °C 30 °C
compositions on cell growth
and amylase activity of
amylase-producing bacteria

24h

PCR (Colony PCR) 16S rRNA
Experiment 4 Identification
and taxonomic classification of

amylase-producing bacteria Ll

10°
Experiment 5  Strain 10° 107 10°%
improvement of amylase-
producing bacteria through
ultraviolet mutagenesis

H/C

30°C
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